Introduction
The prevalence of overweight and obesity has increased dramatically worldwide in the last decade (1) . Obesity is simply defined as a condition of abnormal or excessive fat accumulation in the adipose tissues of the body due to an imbalance between energy intake and expenditure (2) . Body fat accumulation leads to a risk of developing various obesity-associated chronic diseases, including glucose intolerance, cardiovascular diseases, non-alcoholic fatty liver, hypertension, and hyperlipidemia (3) .
Recently, food or agricultural products have been attracting a lot of attention due to their non-toxicity and anti-obesity properties (4) (5) (6) . Pepper (Capsicum annuum L.) seeds are by-products and wastes of pepper paste or powder processing, as well as underutilized agricultural products. These materials contain a wide variety of phytochemicals such as betulin, β-sitosterol, and myrtenal, which can be used for nutritional and biological potential (7, 8) . Previous studies have reported that pepper seeds exhibited several pharmacological actions, including antioxidant, anti-adipogenic, and antimicrobial activities (9, 10) . However, the anti-obesity effect of defatted pepper seeds in mice fed a high-fat diet has not been investigated. Therefore, this study was aimed to examine the preventive effect of ethanolic extract from defatted pepper seed (DPSE) on high-fat diet (HFD)-induced obesity in C57BL/6J mice.
Materials and Methods
Preparation of DPSE Pepper seeds were collected from Yeoungdong area, Chungbuk, Korea, in 2014. To obtain the defatted pepper seeds, the oil in the seeds was extracted with n-hexane by shaking three times over 10 h at room temperature (Eyela Model MMS-300; Tokyo Rikakikai Co., Ltd., Tokyo, Japan). Defatted pepper seeds (200 g) were extracted with 2 L of 94% ethanol for 24 h at room temperature. After filtration with a Whatman No. 2 filter paper, the combined filtrate was dried under vacuum to remove ethanol. The residue was stored at −70 o C until analysis.
Animal studies Five-week-old C57BL/6J mice (Daehan Biolink Co., Eumsung, Korea) were used. All mice were housed in a controlled environment (21±2 o C at 50±2% relative humidity) with a 12-h lightdark cycle. The mice had free access to both food and water, and were handled according to the guidelines of the Ethics Committee of the Chungbuk National University (CBNUA-746-14-01). After 1 week of acclimation, the experimental mice (n=32) were randomly divided into four groups according to the daily food intake: normal diet (ND; 4.3 g% fat), high-fat diet (HFD; 24 g% fat), or HFD in combination with DPSE at 100 or 200 mg/kg doses for 7 weeks. DPSE was diluted with water and administered by oral gavage once a day while continuing the HFD. The ND and HFD groups were administered with vehicle alone. The experimental diet was obtained from Research Diets, Inc. (New Brunswick, NJ, USA) ( Table 1) . Body weight and food intake were measured twice and once per week, respectively, during the feeding period.
At the end of the 7-week treatment period, mice were fasted for 6 h and anesthetized by diethyl ether. Blood was collected in Vacutainer SST tubes (BD Bioscience, Franklin Lakes, NJ, USA) for plasma biochemical analysis. Plasma was obtained by centrifuging the blood at 900x g for 20 min at 4 o C. The organs, including epididymal adipose tissues and liver, were immediately harvested, rinsed with physiological saline solution, weighed, and stored at −70 o C until analysis.
Histological analyses Epididymal adipose tissue and liver were fixed with 10% neutral buffered formalin and embedded in paraffin and then stained with hematoxylin and eosin (H&E). The stained sections were examined under an optical microscope (Olympus, Tokyo, Japan) and photographed. The adipocyte size was measured using an image Each value is expressed as a mean value±standard error (n=8). NS; not significant. Different letters in a same row indicate significant differences by Duncan's test (p<0.05).
)
AST, alanine aminotransferase; ALT, aspartate aminotransferase; BUN, blood urea nitrogen analysis system (IPKR-1003; Saramsoft Co., Ltd., Anyang, Korea).
Measurement of plasma biochemical parameters Plasma triglycerides, total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, alanine transaminase (ALT), aspartate transaminase (AST), blood urea nitrogen (BUN), creatinine, and glucose were performed using a Hitachi 7080 analyzer (Hitachi Medical Co., Tokyo, Japan).
Hepatic lipid extraction and measurement Lipids were extracted from livers as described by Semple et al. (11) . Liver (50 mg) was homogenized in 1 mL of saline solution (0.1% NaCl). The homogenates were extracted with 3 mL chloroform/methanol (2:1). The chloroform layer was collected, dried, and resuspended in 1 mL of phosphatebuffered saline containing 1% Triton X-100. Triglycerides and total cholesterol levels in liver were analyzed using a Hitachi 7080 analyzer.
Statistical analysis Data were presented as the mean±standard error (SE) (n=8). Statistical significance was analyzed by one-way analysis of variance using SAS version 8.1 (SAS Institute, Cary, NC, USA), followed by Duncan's multiple comparison test. A p-value <0.05 was considered statistically significant for all analyses.
Results and Discussion
Effects of DPSE on body weights and food efficiency ratio The HFD-induced obesity in mice has been widely used as an animal model because it mimics most of the phenotypes seen in human obesity (12) . In this study, the effects of defatted pepper seeds on the development of obesity were investigated using HFD-induced C57BL/6J mice model. The initial body weights were not statistically different among the groups. After 7 weeks, the HFD-fed mice exhibited significantly higher body weights compared with the ND-fed mice, whereas the HFD+DPSE groups displayed remarkably lower body weights than the HFD group (Fig. 1A) . During the feeding period, the food intake was higher in the ND group compared with that in the HFD group, but it did not significantly differ between the HFD and HFD+DPSE groups (data not shown). However, the food efficiency ratio (FER) calculating the body weight gain relative to food intake was significantly lower in mice fed HFD+DPSE groups than HFD fed mice group (Fig. 1B) . These results show that DPSE effectively reduced the body weight on HFD-induced obesity in mice.
Effects of DPSE on the plasma biochemical parameters Plasma biochemical parameters are shown in Table 2 . The contents of total cholesterol and LDL-cholesterol were higher in HFD group compared to those in ND group, but they were not significantly different between HFD and HFD+DPSE groups. Similarly, plasma glucose levels were not significantly different between HFD and HFD+DPSE groups. In terms of plasma parameters of liver injury (AST and ALT), DPSE intake did not alter ALT and AST levels. Plasma parameters of kidney injury (BUN and creatine) were not significantly different between HFD and HFD+DPSE groups. These data indicate that DPSE induced no detectable adverse toxic effects in the mice. Effects of DPSE on liver weight and hepatic lipids The effects of DPSE on liver weight and hepatic lipids were examined. Liver weight in the HFD+DPSE group led to a significant decrease in its weight when compared to that in HFD group (Fig. 2A) . Hepatic triglyceride contents were not significantly different among the experimental groups (Fig. 2B) . Hepatic cholesterol levels in the HFD+DPSE (200 mg/ kg) group were significantly decreased compared with those in the HFD group (Fig. 2C) . H&E staining of the liver section indicated that DPSE successively ameliorate the development of white lipid droplets induced by the HFD fed mice (Fig. 3A) . Hepatic steatosis is the major pathological stage of the nonalcoholic fatty liver disease (NAFLD), which is triggered by inhibition of fatty acid oxidation, enhancement of lipogenesis, and accumulation of cholesterol in liver (13) . Therefore, hepatic triglyceride and cholesterol management may be a promising treatment target for NAFLD. In this study, DPSE exhibited the inhibitory effects of lipid accumulation in liver. Pepper seeds have been reported to be rich sources of phytochemicals such as phenolic compounds, flavonoids, phytosterols, and organic acids (7, 8) . Previous studies have shown that phenolic compounds suppress the increases in the levels of hepatic triglyceride and cholesterol induced by HFD in rodents (14, 15) . More recently, there has been an increasing evidence that dietary flavonoids exert multiple beneficial effects on the disorders associated with NAFLD (16, 17) . Therefore, DPSE can be used as a therapeutic agent to prevent the development of NAFLD and its associated diseases.
Effects of DPSE on adipose tissue weight and adipocyte size Histological analysis by H&E staining also revealed that the adipocyte size in the epididymal adipose tissue was larger in the HFD group than in the ND group (Fig. 3B) . A significant decrease in adipocyte size was observed in the HFD+DPSE groups in contrast to that observed in the HFD group. The epididymal adipose tissue weight was significantly increased in the HFD group compared to that in the ND group (Fig. 4A) . Administration of DPSE both at 100 and 200 mg/kg significantly reduced the epididymal adipose tissue weight. Consistent with the results in epididymal adipose tissue weight change, DPSE administration obviously decreased the size of epididymal fat in HFD+DPSE groups (Fig. 4B) . Adipose tissue consisting of adipocytes has an important function for maintaining whole body energy homeostasis and stores dietary energy as triglyceride (18) . Although adipose tissue is crucial for various normal processes, excess adipose tissue can have many negative implications for chronic disease states with obesity development (19) . Obesity induced by HFD leads to store excessive lipids in adipocytes, resulting in the formation of hypertrophic and dysfunctional adipocytes (20) . Adipocyte dysfunction is considered to be a major cause of many disorders, including insulin resistance, fatty liver, cardiovascular disease, and hypertension (21) . In this study, the relatively lower amount of epididymal adipose mass was observed in the HFD+DPSE groups compared to that observed in the HFD groups. Therefore, it is plausible to suggest that DPSE can reduce body fat mass and the development of obesity-related diseases.
In conclusion, this study demonstrated that administration of DPSE attenuated HFD-induced obesity through the decreases in body weight gain, hepatic fat deposition, adipose cell size, and body fat mass in C57BL/6J mice after 7 weeks. Although further studies are needed, these results indicate that DPSE might be beneficial for improving obesity and related metabolic disorders.
